ABSTRACT-We report on genital warts in dusky dolphins Lagenorhynchus obscurus, long-snouted common dolphins Delphinus capensis, bottlenose dolphins Tursiops truncatus and Burmeister's porpoises Phocoena spinipinnis caught in fisheries off central Peru. Lesions were observed inside the genital slit, on the skin adjacent to it, on the penis and on the vagina. Macro-and microscopical features of the lesions resemble those of benign genital warts associated with papillomavirus infection in humans Genital warts from L, obscurus and P spinipinnis contained nuclei which stained positive for genus-specific papillomavirus structural antigens, though weakly in the latter species. These data suggest that papillomavirus(es) may be the etiological agent(s) of the disease. The prevalence of the lesions in 130 small cetaceans was high: 66.7% (confidence interval, CI, 57.0 to 74.0%) in L. obscurus (n = 78). 50% in D. capensis (n = 10), 33% in T truncatus (n = 9) and 48.5% (C1 33.0 to 64.0%) In P. spinipinnis (n = 33). This suggests a venereal transmission of the disease, as in humans. Sexual variation in wart prevalence was found in L. obscurus and P spinipinnis with males being 2 and 3 times more infected than females, respectively. No correlation was observed between body length (as a measure of age) and wart prevalence, suggesting that no strong and long-lasting immunity was induced in affected animals or that they may have been infected by different types of papillomaviruses. Lingual tumours were seen in 1 D. capensis.
INTRODUCTION
Warts and papillomas cons~st of localized epithelia1 hyperplasia with a defined boundary and an intact basement membrane (Shah & Howley 1990) . Widely variable in their clinical appearance, they are often caused by papillomaviruses which are small (typically 55 nm diameter), non-enveloped DNA viruses classified in the family Papovaviridae (for review see Shah ).
In humans, over 70 different types of papillomaviruses (HPVs) have been identified, about one third of them infecting the ano-genital tract and generally venereally transmitted. Ano-genital tumours caused by HPVs are usually benign but may progress to malignancy if the virus type infecting the cells has a high risk for tumorigenicity (for reviews see Howley 1990 , De Villiers et al. 1994 .
In other mammals, warts have mostly been observed on the skin although they may occur on the mucosa of the respiratory, digestive and genital tracts (for review see Sundberg 1987 ). Genital papillomas have been well documented in colobus monkey Colobus guereza and rhesus monkey Maccaca mulatta and are venereally transmitted in the latter species (O'Bannion et al. 1987 , Ostrow et al. 1990 , Reszka et al. 1991 .
In cetaceans, penile papillomas associated with papillomavirus-like particles have been observed in 3 of 31 (9.7%) sperm whale Physeter macrocephalus bulls caught off the west coast of Iceland in 1981 -1982 (Lambertsen et al. 1987 . Ano-genital and buccal papillomas and fibropapillomas (epithelia1 hyperplasia accompanied by proliferation of the dermal components) have been reported from 3 other species of odontocetes and 1 baleen whale (see Table l ) , however the viral etiology has not been confirmed in any of these (Greenwood et al. 1974 , Geraci et al. 1987 .
Here w e report on genital and lingual warts, which resemble papillomavirus infection, in dusky dolphin Lagenorhynchus obscurus, long-snouted common dolphin Delphinus capensis, bottlenose dolphin Tursiops truncatus, offshore stock (sensu Van Waerebeek et al. 1990 ) and Burmeister's porpoise Phocoena spinipinnis caught in direct and incidental fisheries off Peru .
MATERIALS AND METHODS
Seventy-eight dusky dolphins (35 females, 43 males), 10 long-snouted common dolphins (all males), 9 offshore bottlenose dolphins (1 female, 8 males) and 33 Burmeister's porpoises (13 females, 20 males) were examined for genital tumours at the ports of Pucusana and Cerro Azul on the central Peruvian coast, between September 1993 and March 1995. Moreover, 21 dusky dolphins (8 females, 13 males), 2 male common dolphins, 2 male bottlenose dolphins and 6 porpoises (1 female, 5 males) were checked for the presence of lingual warts. The cetaceans typically became entangled in drift or set gillnets and asphyxiated less than 12 h before they were examined.
For epidemiological purposes, a random succession of animals was examined to avoid a possible bias towards positive specimens. Difficult field conditions often made it impossible to check all of the cetaceans landed. Specimens were considered negative for genital tumours only if the entire genital tract (genital slit and adjacent skin, vagina and uterus or penis and penile sheath; Fig. 1 ) had been examined. Occasionally, dolphins were noted as positive as soon as lesions were seen on the skin or the mucosa of the genital slit, which explains differences in sample sizes between body locations. With 'genital slit' in males we refer to the mucosa of both the sllt sensu stricto and the contiguous penile sheath. With 'skin or cutaneous warts' w e mean the lesions observed on the skin adjacent to the genital slit, while 'mucosal warts' refers to the lesions observed on the mucosa of the genital slit, penis or vagina.
Samples sufficiently large for statistical analysis were available only for Lagenorhynchus obscurus and Phocoena spinipinnis. Before studying sexual variation Fig. 1 To assess sample comparability for interspecific variation in wart prevalence, standard length distributions, adjusted to respective maximum body lengths, were subjected to K-S tests. Maximum recorded lengths in Peruvian populations are: 210 cm for Lagenorhynchus obscurus (Van Waerebeek 1992 , 1993 , 183 cm for Phocoena spinipinnis and 258 cm in Delphlnus capensis .
Exact 95 % confidence intervals (CI) for proportions were computed based on a relationship between the F and binomial distributions (Fisher & Yates 1963 , Zar 1984 . Differences in prevalence of infection were verified with chi-squared contingency tests or 2-tailed Fisher's exact tests (the latter for 2-by-2 matrices with n < 100). Statistical significance was set at a = 0.05.
Selected lesions were measured and photographed. Typical warts from each species were excised and fixed in 10% formaldehyde, dehydrated in a graded series of ethanol and embedded in paraffin. Tissue sections 5 to 7 pm thick were stained with hematoxylin and eosin for histologic examination. Immunohistochemical staining, to detect papillomavirus group specific antigens, was realized on form01 fixed warts by the peroxidase anti-peroxidase (PAP) technique, using a rabbit antiserum against SDS-disrupted bovine papillomavirus-l virions (Dakopatts, CA, USA), as described by Sundberg et al. (1984) . Negative controls consisted of samples of healthy genital mucosa for each species, or of negative rabbit serum used as a primary antibody.
Preparations of fresh genital warts from the 4 species were negatively stained with uranylacetate and postfixed with osmium tetroxide. Samples were examined with a Siemens 102 transmission electron microscope (Berlin, Germany) a t 100 kV.
RESULTS

General clinical features
We found genital warts on the skin bordering the genital, anal and mammary slits, on the mucosa inside the genital slit, the vagina and the penis (Fig l ) , but not on the cervix nor in the uterine horns. Cutaneous lesions were white, light or dark grey, in concordance with the local skin colour. Slightly raised and oval, thev sometimes projected inside the Histological features of the lesions and virus detection
Genital warts
The histological features of the lesions were as follows. A sharply limited epithelia1 hyperplasia affected the stratum spinosum (Fig. 3 ) in all samples of the 4 species. The stratum externum was also thickened in the lesions of Delphinus capensis, Tursiops truncatus, and Phocoena spinipinnis although not in all samples.
Some hyperplasia was observed at the tip of the epithelial rete ridges in F! spinipinnis. Koilocytosis or cytoplasmic perinuclear vacuolization of the cells, a common feature of many papillomavirus-induced lesions (Shah & Howley 1990) , was observed in Lagenorhynchus obscurus, F! spinipinnis and 7: truncatus (Fig. 4 ) . In the latter species it was seen in only 1 of the 2 animals examined and at a low density. It was not seen in the lesions of 2 D. capensis. No cytoplasmic inclusions were noted. The dermal papillae were elongated but not truly hyperplastic in most samples (Fig. 3 ). In the 4 species, lymphocyte infiltration occurred in the dermis of the warts in most but not all cases. We refer to the lesions as warts and not papillomas (Table l ) , which are characterized by hyperplasia of papillae.
The strata spinosum and externum contained nuclei which stained positive for genus-specific papillomavirus structural antigens ( 
antigens could not be detected in the lesions of 2 Delphinrls capensis nor of 2 Tursiops truncatus.
No viral particles were seen by electron microscopy (EM) in negative contrast preparations of fresh warts (Dr D. Dekegel & G. Van Heule pers. comm.; Table 1 ).
Lingual warts
The histological structure of the lingual tumours differed somewhat from that of the genital lesions. Epithelia1 hyperplasia uniformly affected the 3 strata (acanthosis). Neither koilocytosis nor cytoplasmic inclusions were visible. The dermal papillae were short.
Convincing immunoreactivity for genus-specific papillomaviriis structural antigens was noi deiected in these lesions.
Epidemiology
Lagenorhynchus obscurus
Of 78 dusky dolphins examined, 52 (66.7 %, C1 57.0 to 74.0%) suffered from genital warts. Body length histograms of male and female samples were fully comparable (K-S = 0.73, DN = 0.17, p = 0.66). Genital tumours were twice as prevalent in males as in females (Table 2) , indicating a significant sexual variation (Fisher's test, p < 0.0001). Prevalence seemed to be independent of body length, both in females (x2 = 4.48, df = 2, p > 0.1) and males ( X 2 = 0.55, df = 2, p > 0.5) ( Table 3 ) , but we recommend reconfirmation with a larger sample. The smallest dolphin examined, a 159 cm male, was positive but sexually immature (deduced from its size).
The locations of the lesions are presented in Table 4 . In males, the lesions occurred more often inside the genital slit (including penile sheath) than on the skin bordering the slit or on the penis (X' = 40.1, df = 2, p 0.001). The female sample also suggested a higher incidence inside the genital slit, although not significantly so (X2 = 2.46, df = 2, p > 0.1), possibly due to small sample size. In most dusky dolphins (81 % of 11 females, 73% of 26 males), warts developed at a unique location. Some animals showed lesions both inside the genital slit and surrounding skin or in the genital slit and on the penis; one male had warts on the skin, genital slit and penis (Fig. 1) .
On the skin around the slit, the modal condition was a single wart (6 males, 3 females) with only 2 males showing 2 lesions. An average of 1.6 (standard deviation, SD, = 0.8, range 1 to 4 ) and a median number of 1 (range 1 to 3) mucosal lesions were present in 37 males and 12 females, respectively. We did not find any lingual warts in Lagenorhynchus obscurus (n = 21). Of 10 male long-snouted common dolphins examined for genltal warts, half suffered the disease regardless of sexual maturity (Table 5) . One of 2 dolphins examined for lingual warts had 5 lesions on the upper surface of its tongue (Table 5 , Fig. 2 ). That animal was free of warts on the skin adjacent to the genital slit and on the penis.
Tursiops trunca tus
Of the 8 male bottlenose dolphins studied, 3 showed penile warts (Table 6 ). Both sexually mature and im- 
Phocoena spinipinnis
Of 33 Burmeister's porpoises examined, 16 (48.5%, C1 33.0 to 64.0%) had genital warts. Male and female samples showed similar standard length distributions (K-S = 1.09, DN = 0.39, p = 0.19). The frequency of the lesions was significantly correlated with the sex of the animals (Fisher's test, p = 0.019), with males being almost 3 times more prone to the disease than females (Table 2 ).
Fisher's tests revealed no significant variation in infection between the 2 defined length classes (Table 3) , either in males (p = 0.13) or females (p = 0.29), however, this should be corroborated with a bigger sample. The smallest positive specimen was a 136.5 cm sexually immature female (deduced from body size).
Data on the location of warts are shown in Table 4 . A limited sample hinted that in males, lesions may develop more often in the genital slit or on the penis than on the slun ( X * = 13.4, df = 2, p <0.01). Of 12 positive males, 4 had warts both inside the genital slit and on the penis. Lesions were observed at a single location in 7 of 10 males.
One porpoise had 2 cutaneous warts. A median number of 2 (range 1 to >10) mucosal lesions was observed in 17 males. In 1 of 2 males with numerous penile warts (>10), seaweed was lodged internally in the space between the affected penis and its sheath which almost impeded the penis from being pulled out (Fig. 6) .
Six porpoises examined for lingual tumours were negative. I 'Matufity of specimen deduced from body length I
Interspecific variation
Pair-wise comparisons in genital wart prevalence between the species discussed below were legitimate because standard length distributions, adjusted to respective maximum lengths, were sufficiently similar (K-S tests, p > 0.05).
The male samples suggested a higher prevalence of genital warts in Lagenorhynchus obscurus (86 %) than in Delphinus capensis (50%; Fisher's, p = 0.023) and possibly Phocoena spinipinnis (65 %, Fisher's, p = 0.09). In female samples, the trend of higher prevalence in L. obscurus (43 %) compared to P spinipinnis (23 %) was also seen, but could not be confirmed statistically (Fisher's, p = 0.36) . Given the small samples of P spinipinnis and D. capensis, chances are that the observed differences were really significant but failed to be demonstrated (p-error).
The median number of lesions per infected specimen was higher in porpoises than in dusky dolphins (MannWhitney U-test, Z = 2.05, p < 0.05). Furthermore, only in porpoises did we register a high number (>10) of penile tumours.
While sample comparability could not be verified, the overall prevalence of penile papillomas in sperm whales from Iceland (g.?%, n = 31), as reported by Lambertsen et al. (1987) , appears to be considerably lower than the levels found in dusky dolphins and Burmeister's porpoises (x2 = 11 . l , df = 2, p = 0.004).
DISCUSSION
The present epidemiological data indicate that genital warts are widespread in small odontocetes from Peruvian coastal waters. Macro and microscopical fea- tures of the lesions resemble those of benign genital papillomas in humans. The epithelia1 hyperplasia, the presence of koilocytes and the detection of genusspecific papillomavirus structural antigens in some samples suggest that papillomavirus(es) may be the etiological agent(s) of the disease. A non-productive state of the infection could explain the negative results in the other samples as the immunohistochernical staining for papillomavirus structural antigens only detect productive infection. In humans the antigen is detected in only about 50% of histologically evident lesions (Koutsky et al. 1988) . Alternatively, the papillomavirus(es) of these cetacean species could represent (an)other virus type(s) not recognized by the antisera, as described for several HPVs (see Koutsky et al. 1988 ). Thus, genusspecific papillomavirus antigens were detected in neither cutaneous nor penile papillomas of Delphinus sp. (Sundberg et al. 1984) and Physeter macrocephalus (Lambertsen et al. 1987 ) respectively, although intranuclear virus particles were observed by EM in the latter. The failure to demonstrate virus particles by EM in negatively stained preparations of the warts of Peruvian dolphins and porpoises may be related to a low density of virus particles. In human genital pap~llomas, viral particles are also notoriously difficult to demonstrate (Shah & Howley 1990 ). Nevertheless, virological and molecular studies are necessary to further elucidate the etiology of the genital and oral tumours found in Peruvian odontocetes.
The genital location of the warts and their high prevalence in the dolphins and porpoises studied strongly suggest a venereal transmission of the disease, as is the case in humans (Barrett et al. 1954 , Oriel 1971 . The remarkably high frequency of genital warts and their occurrence in gonadal immature but sexually active animals may well be related to the high level of sexual activity exhibited by delphinids. This includes homosexual behaviour, wide spread sexual activity by juveniles, and even intergeneric mating (Brown et al. 1966 , Wursig & Wursig 1979 , Wells et al. 1987 , Morris & Lockyer 1988 . Vertical transmission, i.e. transmission from the mother to the infant during pregnancy or at birth, is described in humans (Koutsky et al. 1988) and could also account for some lesions observed in very young dolphins and porpoises.
The highest prevalence of genital warts was observed in male dusky dolphins (86%). Interestingly, the mating system of this species has recently been defined as promiscuous, i.e. several males may mate with each female at the same oestrus (Van Waerebeek 1992, Van Waerebeek & Read 1994). Assuming a venereal transmission, such a mating system would favour a high prevalence of genital tumours. In humans, genital papillomas also occur predominantly in promiscuous populations (Oriel 197 1,  Koutsky et al. 1988) .
The lower prevalence (9.7 %) of penile papillomas in sperm whales (Lambertsen et al. 1987 ) could be related to its polygynous mating system where many sexually maturing males are excluded from breeding by older, dominant males which monopolize females (Oshumi 1971 , Best 1979 . However, it is unclear whether Lambertsen et al. (1987) examined the genital slit and the adjacent skin of the whales and therefore whether their prevalence of genital lesions, as defined here for the small cetaceans, is comparable.
In Lagenorhynchus obscurus and Phocoena spinipinnis, the 2 species for which sufficient data were available, males were 2 times more likely to be affected with visible tumours than females. The reasons for this variation are unknown but hormonal and behavioral differences may play a role.
Although the lowest wart prevalence was observed in the largest (oldest) females (Lagenorhynchus obscurus and Phocoena spinipinnis), there was no evidence of any dependency on length classes (as a measure of age) in any of the 4 species. This may suggest that the infection does not induce a strong, long-lasting immunity and that subsequent reinfections occur due to frequent sexual contacts. Alternatively the lesions could persist for weeks or months possibly because of a minimal immune response to infected cells, as has been advanced for HPV infections in humans (see Shah ). Finally, different types of the same virus could successively infect the dolphins and porpoises, thus circumventing irnnlunity induced against other types. However, further studies encompassing a larger number of specimens should be carried out before any definitive conclusions can be drawn.
The warts were regularly found at several sites in the genital tract of dolphins and porpoises, as in HPV infected humans (Rudlinger et al. 1986 ). Extensive lesions (>l01 were present in 2 porpoises. Similar clinical findings are known from the sperm whale (Lambertsen et al. 1987) and from humans (Oriel 1971) . In extreme cases (e.g. MFB-495), the reproductive success of the animals may be compromised.
